ABSTRACT
Introduction
The cardiac injury is known as a common cause of death in trauma. Most patients with penetrating cardiac wounds do not reach the hospital alive, and many others arrive at the hospital in extremis [1] [2] [3] . Patients presenting acute pericardial tamponade or shock, and not responding to crystalloids infusion, usually do not present problems on diagnostic and are immediately operated.
Rapid cardiac injury diagnosis is necessary since 20% to 40% of patients who reach the hospital have no obvious signs or symptoms of cardiac injury, which can be temporary and have serious hemodinamic consequences like tamponading or bleeding [4] [5] [6] [7] [8] . As these patients may suddenly develop into a worse situation and bleed to death, ruling out a cardiac wound should be done as soon as possible. For such patients with stable signs, diagnostic methods range from noninvasive echocardiography (ECHO) [9] [10] [11] [12] [13] to invasive pericardial window (PW) [14] [15] [16] [17] or thoracoscopy 18, 19 . Many patients admitted at our emergency department have multiple wounds therefore penetrating abdominal injuries need to be soon ruled out or treated. In these cases, we indicate an invasive procedure.
Many authors have presented their own experience using PW in the diagnosis of cardiac injury in stable patients [3] [4] [5] [6] 14, 16 . Most of the studies about this method consider it the gold standard as this procedure quickly identifies or excludes cardiac injuries and can be performed with minimal morbidity, even when there is contamination from the gastrointestinal tract.
The PW procedure is performed using two different techniques, a subxiphoid pericardial window (SPW) 15 , or a transdiaphragmatic pericardial window (TDP) 16 . The objective of the present study is to check the results of SPW and TDP procedures in patients attended by Trauma Surgery Division, by analyzing and comparing these two techniques.
Methods
From January 1994 to December 2004, at the Trauma Surgery Division of the State University of Campinas (UNICAMP), 2147 victims of accidents or violence were submitted to surgery. Out of those patients, 245 underwent a PW diagnostic procedure to evaluate the possibility of cardiac injury, after a penetrating trauma in the SauerMurdock area.
The sequence of diagnostic and therapeutic procedures adopted was in agreement with standards established by ATLS
20
. Patients who had closed cardiac injuries were excluded from this study.
The evaluation of hemodynamic stable patients with penetrating wound in heart proximity could be performed with noninvasive methods, such as focused assessment with sonography in trauma (FAST) or ECHO 13 . However, these methods have not been frequently used in our patients because there is no FAST equipment available in the emergency room at our hospital, and the ECHO must be performed by experts, which may delay the diagnosis. The videothoracoscopy is another diagnostic method of cardiac injury that has been used in thoracoabdominal trauma; however, the equipment is not often available ( Figure 1 ). Penetrating thoracic trauma and suspect of cardiac injury * Usually, we perform the PW first, and than the laparotomy. If there is a high suspect of abdominal injury, with severe bleeding, the laparotomy procedure is a priority. Medical records of these patients were reviewed in order to compare the SPW and TDP procedure results, analyzing mechanism of trauma, clinical findings, associated injuries, trauma score (ISS) 21 and complications. There was no protocol guiding the study and the choice of each technique was according to the wound's site and the surgeons preferences.
The SPW technique is done in the operating room, with the patient in the recumbent position, with thorax elevation of 30 o and under general anesthesia. After the appropriate aseptic procedures a 5 to 8 cm vertical incision from the distal end of the body of the sternum, is made. The xiphoid process is grasped with a clamp and elevated so that the sternal attachment of the diaphragm can be detached and retracted inferiorly. The anterior diaphragm is dissected; the pericardium is visualized, palpated, and grasped between Allis clamps. Excellent hemostasia is mandatory in order to evaluate the quality of the pericardial effluent. A small vertical incision of 4 to 5 mm is then made in the pericardium, allowing the drainage of a few milliliters of clear fluid under normal circumstances, which is considered a negative SPW result. The incision is then closed without drains, by plans, with retarded absorption string, and skin is then closed with thin nylon. However, if any blood or clot is identified in the pericardial space, the result is considered positive, and either the incision can be converted to a median sternotomy, or a left-sided anterolateral thoracothomy is performed to repair the cardiac injury, according to the classification proposed by the American Association of Surgery of Trauma (AAST) 5, 22 .
Over the last few years, when PW procedure presents unclear results, the pericardium is irrigated with warm saline and patients who have persistent bloody fluid undergo cardiac exploration.
In patients with combined thoracoabdominal trauma, and who are submitted to exploratory laparotomy, the TDP can be performed instead of the SPW 16, 17 . The preoperative preparation is similar to the one used on the SPW procedure. Due to these injury characteristics, the surgeon needs a large thoracoabdominal exposure that extends from the body of the sternum to the navel scar or the pubis symphysis. The diaphragm is held by Allis clamp on each side of the tendinous portion and softly retracted inferiorly to dislocate the diaphragm and the pericardial sac from the apex of the heart. A 2 to 3 cm vertical incision is made in the midline of the tendinous portion of the diaphragm. The exposure of a tense and protuberant pericardic sac may prove the positive diagnostic. The incision of the pericardial sac usually results in the identification of free fluid, blood or clot. The absence of blood or clot is then interpreted as a negative TDP, and the incision of the pericadiotomy is closed. A positive TDP requires a median sternotomy or a thoracotomy.
This study was approved by the institutional Ethical Committee, and informed consent was not required. Data were compared by chi square analysis; p values less than 0.05 were considered significant.
Results
Among the 245 patients that were submitted to PW procedure, two hundred and twenty seven (92.6%) were men, and 18 (7.4%) were women, with an age range of 13 to 73 years and an average age of 28.3 years. Of these patients, 207 (84.5%) were submitted to SPW procedure, and 38 (15.5%) to TDP procedure.
From the patients who underwent a SPW procedure, 151 (72.9%) had gunshot injuries, and 56 (27.1%) had stab wounds. Sixty three (30.4%) had a single injury, whereas 144 (69.6%) had multiple penetrating wounds. In regard to the physiologic condition at the hospital admittance, 143 patients (69.1%) had systolic blood pressure (SBP) above or equal to 90 mmHg, and were considered hemodynamic stable and 64 (30.9%) were considered to have hemodynamic instability, with SBP less then 90 mmHg, with good response to fluid replacement. Five (2.4%) patients were submitted to a relief pericardic puncture, and 1 (20%) of these patients had a false-positive SPW. Only 4 patients had performed ECHO prior to the procedure, and 2 (50%) had a confirmed positive result, one (25%) had a confirmed negative result and the other one (25%) had a negative ECHO with positive SPW.
From the patients who underwent a TDP procedure, the wound was caused by gunshot in 26 (68.4%) while 12 (31.6%) were victims of stab wound. Eleven patients (29%) had a single injury in the abdominal and/or thoracic wall, and 27 (71%) had multiple wounds. It was found that 30 patients (78.9%) had SBP > 90 mmHg, and 8 (21.1%) had SBP less then 90 mmHg, also with good response to fluid replacement. None of these patients were submitted to pericardic puncture before the TDP. Two (5.3%) patients underwent a previous ECHO, with a confirmed negative result. Characteristics of both groups are compared on Table  1 . Twelve (31.6%) patients who underwent the TDP had a hollow viscera perforation, while 53 (25.6%) of those who underwent the SPW procedure had the same injury.
The most common injured organs and structures noted in the SPW procedure were liver (32.8%), diaphragm (20.4%), stomach (16.9%) and colon (14%), whereas in the TDP procedure, the most common injuries were diaphragm (42.1%), liver (36.8%), stomach (26.3%) and colon (18.4%).
The TDP patients had an ISS index ranging from 2 to 50, with 18 of average, while the SPW patients had ISS
Results of the PW procedure were true-positive in 44 patients (18%) and true-negative in 192 patients (78.4%). All 44 patients with true positive and eight with falsepositive underwent immediate median sternotomies (59.6%) or thoracotomies (40.4%). Comparing the two groups, there was no statistical difference between the SPW and TDP techniques ( Table 2) .
It was observed 7 (3.4%) false-positive and one (0.5%) false-negative results in SPW technique (Figure 2 ). However, the TDP procedure had showed one (2.6%) false-positive and no false-negative results. All eight patients with unexpected results had gunshot wounds and are listed on Table 3 . The false negative result was on a stable patient with thoracoabdominal stab wound who was submitted to SPW procedure, with no sign of cardiac injury. However, at laparotomy, the lesion was visualized next to the heart, and it was found to be a grade I cardiac injury, with no need of surgical intervention.
It was found that 199 (81.2%) patients submitted to either of the two PW procedure had no cardiac injury, 6 (2.4%) had a grade I, nine (3.7%) had a grade II, three (1.2%) had a grade III, 18 (7.3%) had a grade IV and 10 (4.1%) had a grade V cardiac injury.
The morbidity was 44.4% (92 cases) in the SPW technique, and 39.5% (15 cases) in the TDP technique. The most common complication, in both techniques, was of pulmonary nature. There was only one (0.4%) complication due to the procedure and it occurred in an obese patient with multiple gunshot injuries, with peritoneal cavity contamination and negative TDP. Although the concern about surgery contamination, this patient had pericarditis, and therefore was re-operated to drain the pericardic sac. He stayed in the hospital for 28 days.
Nineteen patients (9.2%) died in the SPW group and 3 (7.9%) in the TDP; however, none of these deaths were directly related to the procedure. From all 68 patients with cardiac penetrating trauma treated by our service over the last 11 years, the mortality rate was 16.2% (11 cases).
Discussion
Autopsy studies have shown that only a few victims of penetrating heart wounds reach the hospital alive. In Campinas, a one-million-inhabitant city in the State of São Paulo, in Brazil, there were 1,976 deaths by external causes in the years 2000 and 2001, being the majority (65.5%) after penetrating trauma 2 . Heart injuries were identified in 359 cases autopsied in the Campinas Medical Legal Institute during this period, and only 5.6% of the victims who died received effective medical care such as thoracotomy. Therefore, the patients described in the present study represent a minority of patients with penetrating injuries to the heart, when there was enough time to use a diagnostic method.
The location of the wound in patients with torso injuries, regardless of signs or symptoms of cardiac tamponade, sustain an aggressive investigation 4, 5, 7, 14 . We define the risk area as a rectangle bounded laterally by the midclavicular line, superiorly by the clavicles, and inferiorly by the costal margin 7, 9, 18, 20 . The stable patients with occult cardiac injury may be at death risk from cardiac tamponade, so it is important not to delay the diagnosis and treatment of these injuries.
We prefer to begin our evaluation of the stable patients with penetrating wound in the proximity to the heart with a noninvasive method. In our hospital, the pericardial ultrasound examinations are performed and interpreted by experienced cardiologists. The trauma team has to call this specialist, sometimes with delays related to the arrival of the cardiologist sonographer and the time of the examination. In the literature, ECHO has clearly emerged as a good technique for penetrating cardiac injury diagnostic, with high sensitivity and specificity, ranged from 97 to 100% [9] [10] [11] [12] [13] . Ultrasound is an accurate and rapid method to detect hemopericardium, and could be performed and interpreted by trained surgeons 12 . Potential deficiencies of ECHO are the inexperience of investigators, low machine resolution, presence of severe chest-wall injury, subcutaneous emphysema, obesity, associated pneumothorax or hemothorax.
To rule out cardiac and diaphragmatic injuries in thoracoabdominal trauma, the videothoracoscopy has been recently reported as a useful approach 18, 19 . Morales et al. 19 described a series with 108 patients submitted to thoracoscopic pericardial window, with hemopericardium in 33 patients (30.6%). The procedure showed a 100% sensitivity, 96% specificity, and 97% accuracy. The authors concluded that it was a precise, rapid and safe method for the diagnosis of heart injury in stable patients 19 . At UNICAMP, we have used this method in some cases.
PW still remains the gold standard of all diagnostic procedures for cardiac injuries in a developing country like ours. However, it is an invasive procedure and requires a general anesthesia. The original PW technique was described by Larrey at the eighteenth century, and Arom et al. 15 , in 1977, described the SPW as a safe and effective procedure in the diagnosis of pericardial tamponade 15 . In 1982, Garrison et al. 16 described the TDP to be performed during the conduct of an exploratory laparotomy in the patient with combined thoracoabdominal trauma. Recently, the experience with TDP in our service was published in the Brazilian literature 17 . PW is an accurate means for diagnosing cardiac injury. Grewal et al. 6 described in 1995 the biggest casuistic of SPW in the literature, with 122 patients (Table 4) . TECHNIQUE  SBP  ISS  ASSOCIATED INJURIES  INCISION  SPW  110  18  pancreas  Sternotomy  SPW  60  38  liver, small intestine  Sternotomy  SPW  140  19  stomach, colon, liver  Sternotomy  SPW  120  14  small intestine  Thoracotomy  SPW  110  27  liver, diaphragm  Thoracotomy  SPW  80  41  diaphragm, kidney  Thoracotomy  SPW  80  10  none  Thoracotomy  TDP  120  34  liver  Thoracotomy These authors found a 92% sensitivity and 100% specificity using this method. In the present study, the sensitivity was 97.5% in SPW and 100% using TDP, while specificity was 95.8% in SPW and 97% in TDP. Our results were damaged by the high incidence (3.3%) of false-positive results.
Previous studies showed that false-positive results are possible due to inadvertent technique [4] [5] [6] 16 . Garrison et al. 16 had two patients with TDP positive with pericardial but no myocardial injury. The same was observed by Grewal et al. 6 , who have classified two "false-positive" windows, in which there were isolated pericardium lacerations, resulting in bloody pericardial fluid and consequent sternotomy. Miller et al. 4 described one false-positive result in which blood was present in the pericardic sac, but no heart injury was detected at operation. Brewester et al. 5 had two patients with positive SPW and no cardiac injury. As illustrated on Table 3 , we observed false-positive results in eight patients (3.3%). All patients were victims of multiple gunshot wounds, with many associated injuries and an ISS average of 25.1. Since the techniques provide direct visualization of the pericardial sac, it is consistent in its accuracy. However, in some patients the pericardium is hardly visualized, and the pericardium incision to view the heart base may produce some bleeding, which can be wrongly detected by the surgeon, who inadvertently may indicate a sternotomy or thoracotomy.
One patient was submitted to a relief pericardiocentesis that has resulted in a false-positive PW. Because of its unreliable results and of the possibility of serious complications, such as coronary artery or cardiac laceration, diagnostic pericardiocentesis is currently not used in our service.
A policy of mandatory use of a catheter through the previously made aperture in the pericardium to irrigate the pericardic sac with saline solution has reduced the incidence of false-positive results since 2000, avoiding unnecessary thoracotomies.
This study included a patient with initial negative SPW; however, when he was submitted to exploratory laparotomy, a pericardic injury was identified. This laceration was washed with saline solution and clear fluid has returned being considered a grade I cardiac injury, avoiding thoracotomy.
Conservatory treatment of cardiac injury in stable patients, although described by Blalock et al. 3 , is an exceptional behavior, and most authors still recommend early surgery. Recently, Navsaria et al. 23 , in a prospective study, have observed that ten (71.4%) of 14 stable patients with positive PW had minor cardiac injury (grade I to III) identified at sternotomy, and this procedure could have been avoided. A group of seven patients, mainly victims of stab wounds (85.7%), has been submitted to PW procedure, usually 48 hours after the trauma, followed by drainage and observing. These patients stayed in the hospital for 4.7 days, and had a good evolution 23 . In the present study, only one patient who presented a grade I cardiac injury was not treated by thoracotomy. Although this surgical procedure could be interpreted as non-therapeutic, the tamponading was prevented by the surgical correction.
In the present casuistic, most of the patients (70%) had multiple wounds and the majority was located in the thoracoabdominal area. Associated abdominal injuries were identified in 20 patients (52.6%) submitted to TDP procedure and in 59 patients (33.5%) submitted to SPW procedure. In patients with combined risk of cardiac and diaphragmatic injury, the surgical investigation is mandatory in our service, because we do not believe in an accurate noninvasive method in the diagnosis of diaphragm perforation, and we believe that all diaphragmatic injuries should be sutured. When videothoracoscopy or videolaparoscopy are not available, as in the present study, exploratory laparotomy is indicated, resulting in high incidence of non-therapeutic procedure (SPW had 33.5% and TDP had 47.4%). The hollow viscera perforation is a situation that requires special attention, mainly in the TDP method, due to possible infectious complications. There were 53 patients (25.6%) with hollow viscera perforation in SPW and 12 (31.6%) in TDP method. This finding does not counter-indicate none of the procedures 4, 5, 16 . However, in the present study, one patient with stomach and colon injuries, besides the concern of contamination during the surgical procedure, had pericarditis. He had to be re-operated, and had to stay in the hospital for 28 days. Our service does not have the Legend: * = two false-positive PW in whom there were isolated pericardium lacerations.
intention to perform TDP when there is great abdominal contamination with excrements, and in this case, the surgeon has wrongly opted for this method. In these cases we perform SPW procedure, paying special attention to avoid contamination. The PW procedure allows quick diagnosis of cardiac injury in patients with a wound in the proximity of the heart. Both techniques present equally great results, with high sensitivity and specificity. The TDP can be successfully done when the patient has thoracoabdominal wounds, and is submitted to a laparotomy. Both surgical techniques must be carefully done, especially in cases of multiple wounds, in order to avoid false positive results. The TDP must be even more carefully done in the presence of contamination of the peritoneal cavity, thus avoiding infectious complications in the heart.
Conclusions
Both techniques presented an equally great result, with high sensitivity and specificity. Both surgical techniques must be carefully done to avoid false positive results.
